The penicillinase plasmids, a series of extrachromosomal resistance factors in Staphylococcus aureus, were found to carry determinants of resistance to a series of inorganic ions as well as resistance to penicillin and, in some cases, erythromycin. Most of the ions involved were inhibitory but not lethal to the bacteria; the resistance markers conferred an increase in resistance by comparison with susceptible organisms of between 3-and 100-fold, depending on the ion involved. Separate genetic loci for resistance to arsenate, arsenite, lead, cadmium, mercuric, and bismuth ions were demonstrated. Resistance to antimony and resistance to zinc were also found but were not separated genetically from resistance to arsenite and cadmium, respectively. The ion resistance markers appeared to form a cluster on the plasmid, with no other known marker within it. Naturally occurring plasmids were observed that lacked one or more of these ion resistance markers, as well as penicillinase-negative strains that were resistant to one or more of the ions. The patterns of markers carried by these various strains may provide some understanding of the evolution of a plasmid linkage group.
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Penicillinase plasmids are extrachromosomal resistance factors similar in many respects to the R factors of enteric bacteria. We previously presented evidence for their cytoplasmic inheritance (5) and for their existence as physically independent, autonomously replicating genetic entities (6) . However, we have been unable to demonstrate conjugal transmission.
Aside from the penicillinase locus, which includes at least two control cistrons (9) and a structural gene, penicillinase plasmids have been found to carry a number of other genetic determinants, including resistance to erythromycin (3) and to mercuric ion (4, 10) . In addition, we have identified a region that appears to be essential for autonomous plasmid replication and to be involved in an interaction with a specific host system for plasmid maintenance (6) .
In further explorations, we have failed thus far to find penicillinase plasmid-linked resistance to other antibiotics, but we have come upon a series of determinants for resistance to various inorganic ions, including arsenate, arsenite, antimony, lead, cadmium, zinc, bismuth, and mercury.
In this paper are described the tests by which the new markers were identified and characterized, as well as observations on their genetic properties. Preliminary reports of their discovery have been published (6; R. P. Novick Table 2 are listed the compounds for which significant differences in inhibitory effects were found among the four standard test strains. In general, two different patterns of inhibition involving these four strains were encountered. In one pattern, designated by "A" in Table 2 , all three plasmid-positive strains were more resistant to the salt than was the plasmid-negative strain. In the other, designated as "B," one plasmid-positive strain, 8325(3), was more sensitive to the compound than were any of the other three strains. Thus, ,B appears to carry an allele (or alleles) for sensitivity to these ions that is in a sense dominant to some resistance determinant carried by the plasmid-negative host. Of substances showing the B pattern, only bismuth has been worked with and is discussed further below.
In Table 3 effectiveness of this technique is that arsenate resistance, unlike cadmium or lead resistance, is inducible by subinhibitory arsenate levels (see Fig. 2 ). Table 5 summarizes the optimal concentrations and methods that have been established for the various ions.
Nonidentity of ion markers: deletions and mutations. A series of deletions of the y plasmid have been isolated consequent to ultraviolet irradiation of a transducing phase lysate followed by selection of transductants for erythromycin resistance (6) . The deletions were recognized as penicillinasenegative erythromycin-resistant transductants; many were found to lack other plasmid markers as well as the penicillinase determinant. The patterns of residual plasmid markers seen in these deleted plasmids indicated that arsenate, lead, cadmium, and mercury resistances are governed viable count over a period of 6 hr at 37 C. The only salt that showed significant bactericidal effects was mercuric nitrate; by 3 hr, survival levels of resistant and of sensitive organisms were less than 0.1 %. Arsenate, arsenite, lead, zinc, and cadmium salts were bacteriostatic; in no case, with the exception of mercury, was a decrease in viable count greater than 50% observed. Inducibility. In cultures of plasmid-positive strains, resistance to arsenate was found to be induced by prior growth with a subinhibitory concentration of the anion. This induction is shown in Fig. 2 , in which the behavior of two parallel cultures is compared. A culture that had been grown in broth alone showed a 5-hr lag after the addition of 2 X 10-M Na2HASO4, whereas a culture that had been grown in broth supplemented with 2 X 10r6 M Na2HAsO4 showed no lag after augmentation of the arsenate concentration to the same final level. A similar but very slight effect was seen with arsenite and is of questionable significance. There was no lag after the addition, to a growing resistant culture, of cadmium, lead, or mercuric ion at a concentration just below that inhibitory to the resistant organisms.
Map positions of the ion resistance markers. On the basis ofthe marker patterns seen in the deleted plasmids discussed above, locations of the ion resistance markers on a plasmid map have been tentatively established (6) . A map of the y plasmid is shown in Fig. 3 . The available data suggest also that the plasmid is at least grossly homologous to the 'y plasmid. The map as it 
a All mutant plasmids were derived from -y; all were tested in host strain 8325 by the sensitivity disc method. Effects of each mutation on plasmid markers are shown in italics. (6) . Therefore, it seems likely that there are at least two separate groups of functionally related genes. Among the possible functional relationships that could be considered are, that the two groups belong to separate operons, with the attendant possibility of pleiotropic polar or regulatory mutations, or that the gene products involved belong to two separate biochemical pathways so that pleiotropic mutations could represent loss of capacity to synthesize common precursors. These possibilities are currently under investigation.
It has been suggested that R factors of coliform bacteria have assembled their complement of drug resistance genes from various locations on the chromosome as a consequence of the use of antibiotics by man in clinical situations over the past 25 years (2, 12). The results presented here are clearly contrary to this hypothesis, for most of the inorganic ions whose resistance markers are clustered on the penicillinase plasmids have not been used therapeutically. Aside from the clinical situation, there is a certain amount of evidence available in the staphylococcal system that is consistent with the possibility that the plasmid may have acquired genes from the chromosome of its host. It appears that determinants of resistance to some of the salts studied here are in some strains unlinked to penicillinase and may be chromosomal. For example, some penicillinasenegative strains are resistant to cadmium alone of all the metals tested, and others to bismuth alone. Further evidence on this point is at present lacking, but we have presented evidence previously (6) that the plasmid erythromycin marker can be reversibly integrated into the chromosome, and a number of strains of Staphylococcus have been described in which the penicillinase gene appears to be integrated into the chromosome (1, 8) . In the latter case and in the case of the unlinked ion resistance markers, it is not known whether these may become associated with extrachromosomal elements by recombinational events, but it does seem possible that the extrachromosomal assemblages may have arisen at least in part through recombinational exchanges with the chromosome of the host organism.
